The goal of the new generation of solar neutrino experiments is to obtain decisive evidence for neutrino oscillations, widely considered to be the explanation of the long-standing solar neutrino problem, and to discriminate between the allowed solutions.
Introduction
A non-zero neutrino mass and neutrino avour mixing provide the only complete solution of the discrepancies known as the solar neutrino problem. The problem holds even if the standard solar model (SSM) 1 , considered to be very robust and independently con rmed by helioseismological observations, was wrong, since the data from the ve experiments is inconsistent with very basic solar Physics. In addition, the radiochemical experiments checked their results with a neutrino source, con rming the validity of the radiochemical method.
The main goal of the new generation experiments is to obtain direct evidence of the neutrino mixing hypothesis and to discriminate between the currently allowed solutions. Borexino is the only project in an advanced status of construction that will supply data in the low energy region of the solar neutrino spectrum, namely the 7 Be 0.861 MeV line, where up to now only integrated measurements were available. 
Borexino design
The choice of liquid scintillator as active target material is dictated by the requirements of having a low radioactivity background and a high light collection e ciency, both essential to the detection of low energy neutrinos.
Only a highlight of the main features of the Borexino design is presented here. For a detailed descrition, please refer to 2 . The core of the Borexino detector consists of 300 tonnes of liquid scintillator contained in a thin nylon vessel of 8.5 m diameter, observed by 2200 photomultiplier tubes (PMTs) mounted on a 13.7 m diameter stainless steel sphere (SSS), as shown in Figure 1 (a). Pseudocumene(PC) { 1,2,4 tri-methyl benzene { with 1.5 g/l of PPO was chosen as the liquid scintillator for Borexino due to its good radiopurity levels, high uorescence quantum e ciency, low attenuation and fast timing properties. The PMTs (ETL9351) have a high quantum e ciency, low transit time dispersion and are made from low radioactivity Schott glass. They are equipped with highly re ective optical concentrators increasing the total optical coverage to 33 %.
Between the nylon vessel and the SSS there will be a PC bu er, serving both to have the nylon vessel in a neutral buoyancy situation and to shield the scintillator against gamma particles coming from residue radioactivity in the PMT materials. Additional shielding against external gammas and neutrons is supplied by the water bu er between the SSS and the 18 m diameter external tank; with 200 PMTs collecting Cerenkov light, the water bu er is also used as a muon veto system. A second nylon vessel will be placed between the inner vessel (IV) and the PMTs, serving as barrier against Radon di usion.
The liquid handling system allows the online puri cation of the scintillator through di erent methods: distillation, solid column separation, water extraction and nitrogen sparging. The concern with backgrounds also drives the accurate selection of all detector materials both in terms of bulk radiopurity and Radon emanation.
A major milestone in the R&D for Borexino was the construction and operation of the Counting Test, a prototype detector with 5 tons of liquid scintillator and 100 PMTs. The most important result from CTF 3 was the measurement of the lowest levels of radioactive contamination of the scintillator ever reached in a large scale detector. CTF is again in operation since June 2000 in order to test samples from batches of Borexino scintillator before lling it.
Signal and Background
Borexino expects to collect a rate of about 50 7 Be neutrino events per day in a non-oscillation scenario. The predicted rate supressions in case of oscillations can be large (12 ev/day in the SMA case, for instance), because for 7 Be the survival probability is not integrated over an extended energy spectrum, so the 7 Be average rate can be an important tool for the discrimination between the presently allowed solutions. In the particular cases of the Vacuum and LOW solutions, strong time variations of the 7 Be rate in Borexino (seasonal modulation and day-night asymmetry, respectively) are also predicted.
In the absence of directionality from scintillator uorescence, the characteristic Compton-like edge in the recoil electron energy spectrum, shown in Figure 1(b) for one year of data and a ducial volume of 100 tons, is the signature for mono-energetic 7 Be neutrinos. The measured quantities in Borexino are the PMT charge, proportional to the event energy, and the PMT time distributions, used in three ways to reject background events: i) due to its short lifetime, the decay of ; ii) analysis of the uorescence decay time allows the rejection of alpha particles through pulseshape discrimination; iii) time-of-ight of the detected photons is used to reconstruct the event position and de ne a ducial volume, allowing an e cient rejection of external gamma background.
After these cuts, we expect the background rate to be about 15 events/day, assuming a scintillator contamination level of 10 ?16 g/g of 
Calibrations & Monitoring
The analysis of Borexino data requires a series of calibrations and simulations to establish the correspondence between the PMT measured quantities of charge and time and the energy, position and particle type of the events. Given the detector resolution, the energy scales must be known with an accuracy better than 6 % at the energy of the 7 Be neutrino edge; the PMT time equalization must be of the order or better than 1 ns to e ciently reconstruct and reject external background and to minimize the ducial volume normalization uncertainty. Furthermore, it is also important to monitor the stability of the detector and of the analysis cuts e ciency over a period of several years, in order to have accurate measurements of the neutrino ux time variation. The monitoring systems are mainly aimed at measuring speci c detector working parameters, such as the scintillator and bu er liquid optical properties,radiopurity and temperature, and nylon vessels position.
The calibration and monitoring systems face the same goal that drives some of the most challenging aspects of the Borexino design: to reach and maintain the lowest radioactivity levels ever achieved in any large scale detector. This fact limits the mass of any permanent calibration devices in the detector and the risk of radioactive contamination puts signi cant constraints on the access to the inner vessel and on the use of radioactive sources. The strategy followed was to develop and give priority in the calibration sequence to a set of non-invasive monitoring methods { laser plus optical bers systems and a strong gamma source positionable in an external region. Internal calibration tools will be used if required after evaluation of the detector performance and include, in order of contamination risk, an optical ber carrying UV light, short-and long-lived radioactive sources. These methods will be brie y described in the next paragraphs.
The PMT calibration system is based on the illumination of all PMTs with a common light source { a diode laser { through a two-stage ber splitting system. Each PMT is illuminated by one ber and, since all bers have the same length, the laser pulse supplies a common time reference for all channels. A prototype of the complete optical chain was built and tested in real operating conditions. The average measured transmittance of the single optical channels is 2 10 ?6 , within our design goals. The transmittance uniformity within the bers of the same bundle (35 bers on the rst stage splitter and 90 bers on the 29 second stage splitters) was found to be 20% or better.
Following a successful design employed in CTF, the radioactive sources for energy calibration consist of quartz vials containing actual scintillator from the detector, loaded with radioactive isotopes, such as the shortlived 222 Rn or other long-lived ones, for example Uranium or Phospho-rus, (to investigate low energy electron's uorescence quenching and low energy alpha-beta separation). The sources are inserted in the IV using steel rods that come through the upper IV pipe. A class 10 clean room on top of the water tank was built for this purpose. The exact location of the source (to a few cm) is measured with red LEDs placed near the source and a set of 6 digital cameras mounted on the SSS to observe them. These cameras will also be used for vessel position monitoring by attaching light sources to the vessels.
Simulations show that 2.6 MeV gamma rays from a 228 Th source placed at the level of the PMTs reach the IV with enough intensity so that the data sample from a 3 hour source run would have a 0.8 % statistical error (with a 200 Ci source). Our system allows such a source to be placed inside several reentrant tubes in the SSS, pushing it through exible pipes from the outside of the water tank. Absorption and re-emission of UV laser pulses in the scintillator will be used to mimic charged particle scintillation events, since, if the wavelength is low enough (below 300 nm), it will excite primarily the solvent and the emission will be nearly pointlike { in the tip of the ber used to transmit the laser pulses. Preliminary test results obtained with a single photoelectron counting setup con rmed the viability of this principle, but some crucial points on the ber termination design, will still be addressed in prototype tests to be carried out in CTF.
A set of optical bers will be installed in the SSS, pointing laser beams in di erent directions in order to study the attenuation/scattering length of the bu er liquid and scintillator. A feasibility test of this method was carried in the Two Liquid Test Tank (TLTT), a 7 m 3 tank built in LNGS for a long-term test of 50 PMTs in realistic conditions (immersed in PC). The time distributions of PMT signals from di erent zones were used to distinguish between direct, re ected and scattered light and obtain control parameters from their ratios. The parameters indicated a change in PC transparency by a variation of 13%, to be compared to lower than 5 % variations during stability.
